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ABSTRACT
For laboratories within the scheme of the voluntary surveillance system for technical insulation materials in
Europe (VDI/Keymark), a proficiency test is the basis for obtaining a “registered laboratory.” The VDI/Keymark
is a cooperation between the VDI, The Association of German Engineers, and the Keymark Group dealing with
European voluntary product certification systems, within the scope of thermal insulation materials. Registered
laboratories are allowed to conduct measurements to verify the declared thermal conductivity curve of technical
insulation materials under the umbrella of the quality mark “VDI/Keymark”. The initial characterization work on a
round robin material for the determination of thermal conductivity at higher temperatures led to the selection of an
expanded glass granulate. With all the results of the round robin tests produced by five European laboratories,
the expanded glass granulate has become a very important material for establishing a reliable European level
of thermal conductivity at higher temperatures with a moderate uncertainty. The German expert group “AKThermophysik” of the Association of Thermal Analysis (GEFTA, Gesellschaft für Thermische Analyse e.V.) further
initiated a round robin test for thermal conductivity in 2012. With this additional use of the expanded glass granulate,
more experience with transient methods and thermal conductivity values in the extended temperature range could
be obtained. A comparison with the reference curve of the VDI/Keymark indicates very good compliance for most
cases. Since August 2012, comparative tests with the expanded glass granulate as a round robin material are
very important. Furthermore, the European CE marking became mandatory for industrial insulation products and
temperature-dependent thermal conductivity, declared by the manufacturer, was introduced as a limit value. The
challenge to determine the thermal conductivity at higher temperatures for a material using different methods and
apparatuses was also an important step to evaluate the level of “True Thermal Conductivity.”
Keywords: technical insulation material, VDI/Keymark, expanded glass granulate, high-temperature thermal
conductivity, round robin, European level of thermal conductivity.
1.

INTRODUCTION

higher temperatures, the search for an appropriate
material began in 2004. The initial characterization work
on round robin materials for the determination of thermal
conductivity at higher temperatures led to the selection
of an expanded glass granulate with a particle size of
1–2 mm and a uniform density. This granulate was
temperature resistant and incompressible. The uniformity
of the material created homogeneous and isotropic test
specimens. With its high availability and usual thermal
resistance, the expanded glass granulate was qualified
as a comparative material for the determination of
thermal conductivity for thermal insulation materials.

In 1980, engineers and scientists established the
VDI—The Association of German Engineers—a
voluntary surveillance system for technical insulation
materials. In 2012, the VDI and the Keymark Group
(dealing with European voluntary certification systems)
of the CEN Certification board collaborated and
developed rules for a new surveillance system, termed
VDI/Keymark. The CEN is the European Committee of
Standardization. An important aspect is a proficiency
test for laboratories to obtain a “registered laboratory”
status. Registered laboratories are allowed to
conduct measurements to verify the declared thermal
conductivity curve of technical insulation materials
under the umbrella of the quality mark “VDI/Keymark”.

With all the results of the round robin tests produced
by five European laboratories, the expanded glass granulate
has become a very important material for establishing a
reliable European level of thermal conductivity at higher
temperatures with a moderate uncertainty.

Because there is no European- or USA-certified
reference material for thermal insulation products at
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The German expert group “AK-Thermophysik” of the
Association of Thermal Analysis (GEFTA, Gesellschaft
für Thermische Analyse e.V.) further initiated a round
robin test for thermal conductivity at temperatures
ranging from −170°C to 530°C for different measuring
methods in the year 2012. By participating in this
comparative test, laboratories have the opportunity to
improve quality assurance and reduce the uncertainty
of thermal conductivity measurements.

Table 2. Physical properties of the round robin batch (by FIW
München).
Property

Value

Unit

0.81

–

Particle density

396

kg/m³

Glass density

2074

kg/m³

Porosity of the granulate

0.38

–

Loose bulk density

224

kg/m³

up to 550

°C

Porosity of the particle

Limited temperature range

2.

ROUND ROBIN MATERIAL

The initial characterization work of a round robin material
for the determination of thermal conductivity at higher
temperatures led to an expanded glass granulate.
This material is fabricated by the company Liaver,
Ilmenau/Thüringen (Information about the material
URL: www.liaver.com). According to the manufacturer,
the Liaver expanded glass granulate is produced from
recycled glass by applying a patented technique. Treated
broken glass is fine-ground, mixed, and formed. The
granulate is sintered and expanded at a temperature
of 750°C–900°C in a rotary kiln. By this method, a light
and compression-resistant mineral product is produced
with different particle sizes and loose bulk densities.
For the round robin test, an expanded glass granulate
with a particle size of 1–2 mm and a uniform loose bulk
density of 220 kg/m³ ± 10% is used. This granulate is
temperature resistant up to 550°C and incompressible;
in addition, the uniformity of the material creates
homogeneous and isotropic test specimens with
different shapes, if required. Therefore, test specimens
with nearly identical properties for different test
methods can be used. The handling of the material is
difficult and detailed instructions for preparation of the
test specimens are available (FIW München, 2009).
The manufacturer-reported physical properties and
pictures of the granulate at different zoom levels are
shown in Table 1. Table 2 lists the specific physical
Table 1. Overview of physical properties by the manufacturer.
Pictures

Property

Value

Unit

1–2

mm

Particle density

350 ± 10 %

kg/m³

Loose bulk density

220 ± 10 %

kg/m³

0.070 (at 10°C)

W/(m⋅K)

2.2–3.0

MPa

up to 750

°C

Particle size

Thermal conductivity
Average crushing
resistance
Dimensional stable

properties of the batch used for the round robin tests
(determined by FIW München).
Figure 1 shows the cumulative frequency distribution
of the particle size of the expanded glass granulate
used for the round robin tests as determined at FIW
München.

Figure 1. Cumulative frequency distribution of particle diameter of
the expanded glass granulate.

3. THE EUROPEAN LEVEL OF THERMAL
CONDUCTIVITY (VDI/KEYMARK
REFERENCE CURVE)
The voluntary quality surveillance is applicable to
thermal insulation products for building equipment
and industrial installations. The Quality Assurance
Committee (QAC) is responsible for the development
and maintenance of the scheme rules. The registered
testing laboratories related to the determination of
thermal conductivity are those that have demonstrated
that they are sufficiently competent to examine a
temperature-dependent thermal conductivity curve.
The group of registered testing laboratories forms the
European group of reference laboratories active in
quality surveillance, called the QAC/Lab group (CEN/
VDI Keymark, 2011).
The role of the registered laboratories is to conduct
product type testing and audit testing according to
European standards and the specific scheme rules for
thermal insulation products for building equipment and
industrial installations. To ensure transparency and fair
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competition on the open European market, there is a
need to obtain European conformity requirements for
the thermal conductivity curve. The term “European
level of conformity requirement” is used for the
evaluation of comparative testing in which the same
test specimens/samples are used by both experts
and registered laboratories. It is defined by showing
compliance with the relevant European standards and a
reference material. The results should be in agreement
with the European levels of conformity requirements
for the thermal conductivity curve as follows:
• 3% for a temperature range from −180°C to 500°C;
• 5% for a temperature >500°C;
• To ensure consistency with the thermal conductivity
at lower temperatures, the apparatus should show
compliance with the European-certified reference
material IRMM 440 at a temperature interval from
~40°C to 70°C.

Figure 2. VDI/Keymark reference curve as a function of temperature
with the plotted criteria of ±3%.

The experts of the QAC/Lab group decided to use
the expanded glass granulate to establish the VDI/
Keymark reference curve of thermal conductivity
related to temperature. Furthermore, this granulate
became the test material for proficiency tests used as
the basis for becoming a “registered laboratory”. This
value was interpreted as the thermal transmissivity of
the insulation material and was independent of the
experimental conditions. Every measured value under
different conditions, for example, a high temperature
difference, had to be recalculated accordingly.

The devices for thermal conductivity determination are
grouped on the basis of different methods. The steady
state technique is used with a guarded hot plate and
a heat flow meter for flat insulation materials and with
a pipe tester and a sphere for preformed or granulate
insulation materials. The steady state method for flat
products uses small temperature differences (< 40K)
for the determination of thermal conductivity. This
value is interpreted as the thermal transmissivity
of the insulation material and is independent of the
experimental conditions.

A pool of ~200 measured results was the basis for
determining the reference curve. The measured
values were improved using the Gaussian correction
to evaluate the ±3% uncertainty (criteria) of the
reference curve.

During the steady-state measurement of a pipe tester and
a sphere, the temperature difference of the specimen is
very high; therefore, the VDI/Keymark reference curve
has to be recalculated for those boundary conditions
(VDI/Keymark effective reference curve). This group of
apparatuses is called “steady state, others.”

A graphical presentation of the temperaturedependent thermal conductivity of the VDI/Keymark
reference curve as a third degree polynomial is
shown in Figure 2. All thermal conductivity values
are related to the small temperature differences of
the specimens (<40K). Other conditions have been
considered with appropriate recalculations. The valid
temperature range of the VDI/Keymark reference
curve is 0°C–550°C. An assessment of measured
values beyond this valid range is not possible.
In most cases, the third degree polynomial is a good
enough curve fit function. However, this situation can
be improved with a known heat transfer model for the
expanded glass granulate. With identified thermal
properties of the glass itself and the loose fill, it is
possible to calculate the heat transfer using a physical
model with parameters corresponding to spectral
characteristics with respect to the radiation transfer
(Zeitler, 2007).

4. PARTICIPATING LABORATORIES
AND APPARATUSES

The transient method is the basis for the transient hot
bridge, hot wire, and hot disc. These techniques use
small sensors to measure the time rate of temperature
change in the specimen during heating. The thermal
conductivity is calculated using a physical model.
The uncertainties for determining the thermal
conductivity of the provided expanded glass granulate
in the measured temperature range are shown in the
relevant table.
4.1 The QAC/Lab group

The following registered laboratories are active
in the QAC/Lab group: LNE (France), MPA NRW
(Germany), DTI (Denmark), EFiC (Denmark), and FIW
München (Germany). The apparatuses used for the
determination of the temperature-dependent thermal
conductivity, the VDI/Keymark reference curve, are
shown in Table 3.
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Table 3. Apparatuses of registered QAC/Lab group laboratories

a

Apparatus

Group

Temperature range
of the apparatus

Guarded Hot Plate A

Steady state, flat

−160°C to 700°C
50°C to 800°C

Guarded Hot Plate B

Steady state, flat

Guarded Hot Plate C

Steady state, flat

80°C to 550°C

Guarded Hot Plate D

Steady state, flat

50°C to 700°C

Guarded Hot Plate E

Steady state, flat

30°C to 800°C

Several Pipe Testers

Steady state,
others

−70°C to 350°Ca

Two Spheres

Steady state,
others

30°C to 150°Ca

Mean temperature.

5. APPROACH AND EVALUATION OF THE
ROUND ROBIN TEST
To evaluate the “AK-Thermophysik” measured values
of thermal conductivity during the round robin test,
the VDI/Keymark curve as a third-degree polynomial
was used as the reference with a range of validity
between 0°C and 550°C. Measured values beyond
this temperature range are only informative and
could not be evaluated. The difference between the
“AK-Thermophysik” measured values and the VDI/
Keymark reference curve was expressed as the
relative mean deviation.
6.

4.2 The German expert group “AK-Thermophysik”

The participating German expert group “AKThermophysik” laboratories of the round robin test
(started in 2012) comprises: NETZSCH- Gerätebau
GmbH (Germany), AIT (Vienna, Austria), DLR
(Germany), ZAE Bayern (Germany), Evonik Industries
AG (Germany), Linseis Messgeräte GmbH (Germany),
IWTT, TU Bergakademie (Freiberg, Germany), and
FIW (München, Germany). The apparatuses used are
presented in Table 4.

RESULTS AND ASSESSMENT

Figure 3 presents all measured results of the thermal
conductivity of the expanded glass granulate as well
as the VDI/Keymark reference curve in relation to the
temperature. The different measuring methods have
been grouped.

Table 4. Apparatuses of participants of round robin test of the
German “AK-Thermophysik”

a

Apparatus

Group

Temperature
range of the
apparatus

Uncertainty
given by the
participant

Guarded Hot
Plate 1

Steady state,
flat

−160°C to 600°C

2%–4%

Guarded Hot
Plate 2

Steady state,
flat

30°C to 230°C

4%

Guarded Hot
Plate 3

Steady state,
flat

−170°C to 230°C

4%

Guarded Hot
Plate 4

Steady state,
flat

−180°C to 30°C

5%

Guarded Hot
Plate 5

Steady state,
flat

30°C to 800°C

5%

Heat Flow
Meter 1

Steady state,
flat

~30°C

Not specified

Pipe Tester 1

Steady state,
others

80°C to 380°Ca

4%–5%

Pipe Tester 2

Steady state,
others

30°C to 350°Ca

3%

Sphere 1

Steady state,
others

30°C to 150°Ca

3%

Hot Wire 1

Transient

130°C to 530°C

5%

Hot Wire 2

Transient

30°C to 530°C

5%–10%

Hot Disk 1

Transient

30°C to 130°C

2%–4%

Transient Hot
Bridge 1

Transient

~25°C

4%–6%

Transient Hot
Bridge 2

Transient

~30°C

Not specified

Mean temperature.

Figure 3. Measured values and the VDI/Keymark reference curve
as a function of temperature.

Figure 4 presents the measured results of only
apparatuses that were pursuant to steady-state
measurement methods for flat products like the
guarded hot plate and the heat flow meter.

Figure 4. Measured values of the steady-state methods for flat
products and the VDI/Keymark reference curve as a function of
temperature.
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Figure 5 presents the measured results of the transient
methods to determine the thermal conductivity.

Table 5. Relative mean deviation to the VDI/Keymark reference
curve for all measurements during round robin tests
Apparatus/
Group

Figure 5. Measured values of the transient methods and the VDI/
Keymark reference curve as a function of temperature.

Figure 6 presents an illustration of the measured
results of the “steady state, other” apparatus (pipe
tester and sphere). These steady-state methods
used specimen temperature differences >40K during
the test. The VDI/Keymark reference curve had to
be recalculated for these boundary conditions (VDI/
Keymark effective reference curve). All results refer to
the mean temperature.
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Steady Transient
Steady
Total
state, flat
state, others

Guarded Hot
Plate 1

3%

3%

Guarded Hot
Plate 2

5%

5%

Guarded Hot
Plate 3

1%

1%

Guarded Hot
Plate 4

4%

4%

Guarded Hot
Plate 5

3%

3%

Heat Flow Meter 1

4%

4%

Pipe Tester 1

12%

12%

Pipe Tester 2

3%

3%

Sphere 1

5%

5%

Hot Wire 1

11%

11%

Hot Wire 2

7%

7%

Hot Wire 2

4%

4%

Hot Disk 1

3%

3%

Transient Hot
Bridge 1

22%

22%

Transient Hot
Bridge 2

3%

3%

Total amount of
measurements

∑6

∑6

∑3

∑15

Relative mean
deviation

4%

8%

7%

6%

area. The influence of the expanded glass granulate
loose bulk density on the thermal conductivity was not
considered because all installed granulate specimen
densities were within the manufacturer’s tolerance
range (220 kg/m3 ± 10%).
Figure 6. Measured values of the steady-state methods for “other”
apparatus and the VDI/Keymark effective reference curve as a
function of temperature for higher temperature differences.

A summary of all differences between the measured
values and the VDI/Keymark reference curve
expressed as the relative mean deviation is
summarized in Table 5. The different apparatuses are
grouped accordingly.
The steady-state method for flat products has the
lowest relative mean deviations in relation to the VDI/
Keymark reference curve. This is based on the
minimized contact resistance between the plates
and the granules and the large metering area when
compared with that of the transient method. During
the measurements with the transient method, higher
variations occurred because of the smaller sensor

An important result is shown in Figure 7. The two
totally different approaches for determining the mean
polynomial function of the temperature-dependent
thermal conductivity of the expanded glass granulate
produce nearly the same curve. In the figure, the
VDI/Keymark reference curve developed during the
round robin tests of the registered QAC/Lab group
laboratories and the mean polynomial of the measured
values of the steady state, flat, and transient methods of
the round robin tests of the German expert group “AKThermophysik” are shown. The thermal conductivity
results of 11 different apparatuses and five different
measuring methods had nearly the same mean fitting
curve as the VDI/Keymark reference curve. From
that result, it is possible to derive that an extension of
the VDI/Keymark reference curve into the extremely
low temperature range is possible and that we have
reached the level of the “True Thermal Conductivity”
of the expanded glass granulate.
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values in an extended temperature range was gained.
The comparison with the reference curve of the VDI/
Keymark shows very good compliance for most of the
cases. The steady-state measuring methods show the
smallest relative mean deviations (4%). However, the
other methods show a maximum of the relative mean
deviation of 8% in a tolerable range.

Figure 7. Comparison of VDI/Keymark reference curve with the
mean polynomial of the measured values of the steady state, flat,
and transient methods as a function of temperature.

7.

CONCLUSION

Because there is no European- or USA-certified
reference material for thermal insulation products at
higher temperatures, the search for an appropriate
material started in 2004. The extensive work with
expanded glass granulate by the QAC/Lab group,
with the help of registered laboratories, has led to
the determination of a reliable European level of
thermal conductivity in the temperature range of
0°C–550°C with a moderate uncertainty. The German
expert group “AK-Thermophysik” of the GEFTA had
initiated a round robin test for thermal conductivity in
the year 2012. By participation in this comparative
test, the laboratories had the opportunity to improve
their quality assurance and reduce the uncertainty of
thermal conductivity measurements. Using expanded
glass granulate for this project, additional experience
with transient methods and thermal conductivity

Since August 2012, comparative tests with the
expanded glass granulate as a round robin material
are considered to be very important. Furthermore,
the European CE marking became mandatory for
industrial insulation products and the temperaturedependent thermal conductivity, declared by the
manufacturer, was introduced as a limit value. This
challenge to determine the thermal conductivity at
higher temperatures for a material with different
methods and apparatuses was also an important step
to evaluate the level of the “True Thermal Conductivity”
of the expanded glass granulate.
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